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The BICEP/Keck Collaboration

Current state of CMB B-modes
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The BICEP2/Keck Telescopes
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A Targeted Strategy

WHY A SMALL APERTURE?!

• Minimum aperture (~26 cm) to 
resolve degree scales!

• High throughput!

• Systematic control!

• Cold, on-axis optics!

• Easy baffling!

• Bore sight rotation

BICEP
J . F i l ipp in i  -  Pr inceton -  Apr i l  1 , 2014

The BICEP2 Telescope
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The Keck Telescopes



BICEP2 and Keck Array

BICEP2 2008-2011

Keck Array 2011-present Keck  

BICEP2 

BICEP2 x 5 =

The Keck Array

South Pole is high (~10,000 ft) and dry and has a very 
stable atmosphere during the 6 month long night.
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The BICEP/Keck Collaboration
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Galactic foregrounds: 
synchrotron at low 
frequencies, thermally 
emitting dust (~20 K) at 
high frequencies

Planck Collaboration



Ground windows



The BICEP/Keck Collaboration BK14 150GHz – 50 nK deg (3.0µK arcmin) 

150 GHz maps



The BICEP/Keck Collaboration BK14 95GHz – 127 nK deg (7.6µK arcmin) 

95 GHz maps



The BICEP/Keck Collaboration

BICEP2 + Keck BB auto and cross-spectra

BB



The BICEP/Keck Collaboration

BICEP2 + Keck BB auto and cross-spectra

BB



The BICEP/Keck Collaboration

BICEP2 + Keck BB auto and cross-spectra

BB

cross-spectrum only traces spatially 
correlated component of maps



The BICEP/Keck Collaboration

Put priors on the frequency spectral 
indices of dust & sync

Marginalize over 
generous ranges in 
spatial spectral 
indices
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The BICEP/Keck Collaboration

Put priors on the frequency spectral 
indices of dust & sync

Marginalize over 
generous ranges in 
spatial spectral 
indices

Allow dust/sync 
correlation
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r < 0.09 (95% CL) using 
polarization alone

Now beats temperature constraints



The BICEP/Keck Collaboration

no 
B-modes

with 
B-modes

r.05 < 0.07
(best ever)

Adding in temperature



The BICEP/Keck Collaboration



BICEP3 @ 95 GHz

- Now taking data at the South Pole 
- Roughly the same number of detectors as Keck     
  Array, but all at 95 GHz.



Keck Array Frequency Coverage
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Ground windows
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The BICEP/Keck Collaboration

BICEP/Keck maps pager

http://bicep.rc.fas.harvard.edu/bkcmb/analysis_logbook/analysis/20160912_b3k2016prelim_mapspager/
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Keck Array Frequency Coverage

220 220

270

220

220

2017



Ground windows



Ground windows

?





Inside C17



At McMurdo



At McMurdo



At McMurdo



At McMurdo



At McMurdo



At McMurdo



At McMurdo



LC-130 Herc



LC-130 Herc



Transantarctic Mountains



Transantarctic Mountains



Getting up on the plateau…



Last bit of land…



Arrival at Pole



Dark Sector



Receiver assembly



Receiver assembly



Receiver loading



Receiver loading





Me



Far field beam mapping:  
microwave source mounted here

BICEP3 Beam Calibration



Keck Beam Calibration



Beam map raw data

150 GHz

Visible light



Beam maps



beam ellipticity

We know our beam shapes

differential ellipticity
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Systematics



Mount and motion control upgrades



Mount and motion control upgrades



Mount and motion control upgrades



Mount and motion control upgrades

Before After



Prep for BICEP Array, now funded



video: Robert Schwartz


